The thermostable direct hemolysin of Vibrio parahaemolyticus is inactivated by heating at around 55 C with an inactivating factor isolated from culture filtrates of V. parahaemolyticus. The characteristics of the temperature-dependent inactivating factor were studied by using polyacrylamide gel disc electrophoresis. It was found that when heated with the hemolysin, the inactivating factor destroyed the hemolysin and thus inactivated the hemolytic activity, suggesling that the inactivating factor has proteolytic activity. It was also demonstra[ed that the inactivating factor itself is heat labile, losing its activity on heating with the hemolysin at 95 C for 15 min. The inactivating factor was stimulated by the presence of NaCl or MgCl2 and showed matimal activity at around pH 8.0. The results support our previous hypothesis that the Arrhenius effect observed with crude hemolysin of V. parahaemolyticus is due to the presence of a temperaturedependent inactivating factor. The fact that the factor is activated on heating at 50 to 60 C but is inactivated on heating at 70 to 100 C explains the Arrhenius effect of crude hemolysin of V. parahaemolyticus.
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We have reported that crude hemolysin of Vibrio parahaemolyticus is inactivated by heating at 50 to 60 C but not at 90 to 100 C (9, 11) . This peculiar nature of the hemolysin has been named the Arrhenius effect in staphylococcal alpha-hqmolysin (1) . Studies on the mechanism of the Arrhenius effect revealed the existence of an inactivating factor of the thermostable direct hemolysin in V. parahaemolyticus (13) . This inactivating factor is activated by heating at 50 to 60 C but is itself thermolabile and loses its activity Qn heating at 70 to 100 C (13) . Thus, we propose that at 50 to 60 C the temperaturedependent inactivating factor associated with hemolysin inactivates the hemolysin, whereas at 80 to 100 C the hemolysin retains its activity because in this temperature range the factor is inactivated.
This paper reports some of the characteristics of the temperature-dependent inactivating factor of the thermostable direct hemolysin. Miwa- tani, manuscript in preparation). In this way the hemolysin was purified approximately 540-fold, and it appeared homogeneous on sodium dodecyl sulfate (SDS)-polyacrylamide gel disc electrophoresis, immunoelectrophoresis, and analytical ultracentrifugation.
MATERIALS AND METHODS
Preparation of the temperature-dependent inactivating factor. The temperature-dependent inactivating factor was isolated from culture filtrates of V. parahaemolyticus OV-3. The culture filtrates were mixed with 35 g of solid ammonium sulfate per 100 ml. The resulting precipitate was dissolved in a small amount of 0.01 M phosphate buffer (Na2HPO4-KH2PO4, pH 7.0) and applied to a diethylaminoethylcellulose column (2.2 by 80 cm) equilibrated with 0.01 M phosphate buffer. The column was eluted with 800 ml of the samie buffer and then with 1 liter of a linear gradient of 0.1 to 0.35 M NaCl in the same buffer. Fractions of 12 ml of eluate were collected. The inactivating factor was eluted with about 0.25 M NaCl (Fig. 1) . Fractions that showed inactivating activity were collected and concentrated. The final concentration of NaCl was adjusted to 0.5 M, since the factor was stable in the presence of this amount of salt.
Polyacrylamide disc gel electrophoresis. Polyacrylamide disc gel electrophoresis was carried out as described by Davis (4 Assay of hemolytic activity. Hemolytic activity was assayed essentially as described previously (13) . The standard reaction mixture (2.5 ml) contained 10 mM tris(hydroxymethyl)aminomethane (Tris)-hydrochloride buffer (pH 8.0), 5 mM CaCl2, 0.9% NaCl, the hemolysin, and 1.25 ml of a 1% suspension of human erythrocytes (about 8.3 x 107 cells/ml). The reaction mixture was incubated at 37 C for 30 min and then centrifuged at 3,000 rpm for 5 min. The hemolytic activity was determined by measuring the absorbancy of the resulting supernatant fluid at 540 nm.
Assay of inactivating activity of the inactivating factor. The reaction mixture, containing the inactivating factor and the hemolysin in 0.25 ml of 10 mM Tris-hydrochloride buffer (pH 8.0), was treated under various conditions as described below. Then a mixture of human erythrocytes, NaCl, CaCl2, and Tris-hydrochloride buffer (pH 8.0) was added to give the appropriate concentrations of each component described above. The hemolytic activity was measured as described above.
RESULTS
Analysis of the effect of the inactivating factor on the thermostable direct hemolysin by using polyacrylamide disc gel electrophoresis. As shown in a previous paper (13) , when the purified hemolysin was mixed with the inactivating factor and heated at 50 to 60 C, the hemolytic activity was significantly destroyed. This was confirmed by the results shown in Table 1 : when a mixture of the purified hemolysin and the inactivating factor was heated at 55 C for 15 min, most of the hemolytic activity was lost, whereas the hemolysin remained active when it was heated under the same conditions without the inactivating factor.
A small aliquot of each sample used for the results in Table 1 was analyzed by polyacrylamide disc gel electrophoresis (Fig. 2) . When the hemolysin was heated without the inactivating factor at either 37, 55, or 95 C for 15 min, only a band of hemolysin appeared on the gel ( Fig.  2A-C) . However, when the hemolysin was incubated with the inactivating factor at 37 C for 15 min, several bands appeared in the gel in addition to the band of the hemolysin (Fig. 2D) . When the mixture was heated at 55 C for 15 min, no band of hemolysin was seen (Fig. 2E) the band of the hemolysin was observed (Fig.  2F) .
The disappearance of the band of hemolysin on heating at 55 C for 15 min but not at 95 C for 15 min is consistent with the results shown in Table 1 .
It was also noted that most of the bands of the inactivating factor disappeared on heating at either 55 or 95 C, and that they also disappeared when the inactivating factor was heated alone at these temperatures ( Fig. 2G-I) .
Analysis of the effect of the inactivating factor on the thermostable direct hemolysin by using SDS-polyacrylamide disc gel electrophoresis. Zen-Yoji et al. (14, 15) reported that most of the hemolytic activity of purified hemolysin was lost when it was heated alone at 60 C for 30 min. We confirmed that when the purified hemolysin at a rather high concentration was heated at 50 to 60 C for 15 min, no hemolytic activity was observed. We found that this was due to aggregation of the purified hemolysin: when purified hemolysin at a rather high concentration (more than 500 jig/ml) was heated it aggregated, and this aggregated hemolysin did not move into the running gel during electrophoresis. However, when the aggregated hemolysin was subjected to electrophoresis on SDS-polyacrylamide gel, a band of hemolysin appeared in the normal position.
These results suggest that the inactivating factor stimulates aggregation of the purified hemolysin. To test this possibility, analyses were made by SDS-polyacrylamide disc gel electrophoresis. When a mixture of the purified hemolysin and the inactivating factor was heated at either 37 or 95 C for 30 min, the band of hemolysin was observed (Fig. 3A and C) . However, after heating the mixture at 55 C for 30 min, no band of hemolysin was observed (Fig. 3B) . The disappearance of the band is consistent with the loss of hemolytic activity shown in Table 2 . These data indicate that loss of hemolytic activity on heating-at 55 C is not due to aggregation of the hemolysin in the presence of inactivating factor. The disappearance of the band of hemolysin on heating at 55 C with the inactivating factor suggests that the latter has proteolytic activity and destroys the hemolysin. The absence of inactivating activity on heating at 95 C is explained by the finding reported previously that the inactivating factor itself is thermolabile (13) and loses activity on heating at 95 C. These conclusions were confirmed by the results shown in Fig. 4 : when a mixture of hemolysin and inactivating factor was heated first at 55 C for 15 min and then at 95 C for 15 min, no band of hemolysin was observed (Fig. 4A) . On the other hand, when the mixture was heated first at 95 C for 15 min and then at 55 C for 15 min, the band of the hemolysin was observed in the usual position (Fig. 4B) . These data indicate that the inactivating factor destroys the hemolysin when heated with it at 55 C and that after this treatment the hemolysin does not migrate to the position of intact hemolysin. However, when the mixture was first heated at 95 C, the activity of the inactivating factor was lost, so that it did not destroy the hemolysin on subsequent heating at 55 C. The hemolytic activity of the hemolysin determined after these treatments is shown in Table 2 .
Effects of salts and pH on the activity of the inactivating factor. The effect of various salts on the activity of the inactivating factor are shown in Fig. 5 . The inactivating activity was enhanced by Na+ and Mg2+ but was not affected significantly by NH,+ or K+. The factor showed maximal activity in the presence of more than 20 mM NaCl or MgC12. The inactivating factor was most active at around pH 8 ( Fig. 6) . DISCUSSION To explain the Arrhenius effect of staphylococcal alpha-hemolysin, Landsteiner and von Rauchenbichler (7), Tager (12), and Manohar et al. (8) proposed the existence of some substance that interacts with alpha-hemolysin at 60 C. On the other hand, Cooper et al. (3) and Arbuthnott et al. (2) reported that active alphahemolysin aggregates at 60 C to an insoluble, nontoxic form, whereas at higher temperatures soluble toxin is released.
We previously reported the isolation of a 10.5 ;ig of purified hemolysin and 65 Mg of inactivating factor in 0.25 ml of the buffers indicated (10 mM) were heated at 55 C for 15 min, and then their hemolytic activities were measured as described in the text. The activity of the hemolysin treated at 55 C for 15 min without added inactivating factor was almost the same in all the buffers. Hemolytic activity with 10.5 jMg of purified hemolysin in the presence of 10 factor by polacrylamide disc gel electrophoresis. The factor destroyed the hemolysin when heated with it at 55 C, and the resulting mixture gave no band of hemolysin in the normal position of intact hemolysin on either polyacrylamide gel or SDS-polyacrylamide gel electrophoresis. These data suggest that the inactivating factor has a proteolytic activity and destroys the hemolysin. It is found that purified hemolysin aggregates on heating at around 55 C, and in this aggregated form it did not show hemolytic activity or migrate into running gel on polyacrylamide gel electrophoresis. This aggregation was observed when rather high concentrations of hemolysin were heated but not when lower concentrations were heated (Fig. 2B ). There are reports of similar heat aggregation of other toxins, such as staphylococcal alpha-hemolysin (2, 3) and choleragen (6) . Thus it is possible that the Arrhenius effect is due to aggregation of the hemolysin on heating. However, hemolysin only aggregates when heated at rather high concentrations, whereas the inactivating factor associates with the hemolysin at the low concentrations present in culture filtrates of V.
parahaemolyticus (13) , so the Arrhenius effect of crude hemolysin is probably due to the action of the inactivating factor on the hemolysin, not to aggregation of hemolysin.
The action of the inactivating factor on the hemolysin can not be fully understood from the present experiments. The factor has a protein nature (13) and is most active in the presence of either NaCl or MgCl2 (Fig. 5) and at around pH
